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© Etching method and etching apparatus. 

© A mounting surface of an electrode (1 1 ) for 
mounting an object to be processed thereon is pro- 
jected to be a curved surface identical to a curved 
surface obtained by deforming the object to be pro- 
cessed by a uniform load, and etching of the object 
(12) to be processed is performed. Etching of the 
-^l object (12) to be processed can be easily and stabiy 
^ performed, thereby improving yield and productivity. 
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Etching method 



The present invention relates to an etching 
method and an etching apparatus. 

In the manufacture of semiconductor ICs. an 
etching apparatus, an ion implantation apparatus or 
a sputtering apparatus is conventionally used. In 
these apparatuses, a semiconductor wafer is fixed 
on a mounting table in vacuum and processing 
such as thin film formation or micropattern high- 
precision formation is performed. 

In the above processing, a semiconductor wa- 
fer is heated to a high temperature and its physical 
characteristics change. Therefore, in order to pre- 
vent this phenomenon, Japanese Patent Disclosure 
(Kokai) No. 61-206225, Japanese Utility Model 
Publication No. 58-41722, Japanese Patent Disclo- 
sure (Kokai) No. 60-5540, Japanese Patent Publica- 
tion No. 62-57066 and the like disclose techniques 
in which a semiconductor wafer is fixed on a pro- 
jecting mounting surface of a mounting table by a 
forced clamp, electrostatic chucking or the like to 
perform cooling. 

In the technique disclosed in Japanese Patent 
Disclosure (Kokai) No. 61-206225. however, a 
semiconductor wafer is electrostatically chucked on 
a mounting table, and a voltage is applied to both 
the .mounting table counter electrode and the 
mounting table. For this reason, in bias sputtering, 
desired processing can be performed' only when a 
voltage suited to the processing coincides with that 
required for electrostatic chucking. In sputtering or 
etching of another system, desired processing con- 
ditions cannot be set. In ion implantation, ion im- 
plantation amount measurement is adversely af- 
fected. Also, in a mechanism in which a semicon- 
ductor wafer is held in contact with an electrode, an 
electrically conductive member such as a metal 
must be used as a predetermined member be- 
cause rigidity is necessary. Electric charges or ions 
in a plasma gas. however, reach the electrically 
conductive member around the electrodes to dif- 
fuse the plasma. For this reason, the plasma gas 
cannot be concentrated between the opposed elec- 
trodes. As a result, an etching rate is reduced, and 
etching cannot be uniformly performed. 

In the technique disclosed in Japanese Utility 
Model Publication No. 58-41722, a semiconductor 
wafer cannot be held in contact with a mounting 
table throughout its entire surface. For this reason, 
since processing conditions at portions at which 
the semiconductor wafer is in contact with the 
mounting table differ from those at the other por- 
tion, processing uniformity is degraded. 

In the techniques disclosed in Japanese Patent 
Disclosure (Kokai) No. 60-5540 and Japanese Pat- 



id etching apparatus 

ent Publication No. 62-57066. a layer made of a 
soft and thermal conductive material such as sili- 
cone rubber is formed on a projecting mounting 
surface of a mounting table. The silicone rubber or 
5 the like, however, generates dust to contaminate a 
semiconductor wafer. In addition, a gas or dust 
generated from inside the silicone rubber or the 
like reduces a vacuum degree. As a result, pro- 
cessing capacity is reduced to degrade a process- 
or; ing efficiency. 

A semiconductor wafer can be reliably held by 
a ring-like clamp mechanism as disclosed in Japa- 
nese Patent Disclosure Nos. 61-212023, 62-105347 
and 60-130633. However, if the semiconductor wa- 
rs fer is not clamped by a predetermined urging pres- 
sure, its 'entire rear surface is not uniformly brought 
into contact with the electrode surface. For this 
reason, the semiconductor wafer cannot be uni- 
formly etched. Therefore, a peripheral portion of 
20 ihe semiconductor wafer is clamped toward the 
electrode so that substantially the entire rear sur- 
face of the semiconductor wafer is brought into 
contact with the electrode. In this case, if a clamp 
pressure is reduced lower than a predetermined 
25 pressure, the peripheral portion of the semiconduc- 
tor wafer is not brought into contact with the elec- 
trode but is floated. In contrast, if the clamp pres- 
sure is increased higher than the -predetermined 
pressure, the central portion of the semiconductor 
30 wafer is floated from the electrode. In either case, a 
nonetched portion is produced on the semiconduc- 
tor wafer. In other words, a variation in clamp 
pressure poses a problem of an etching failure of 
the semiconductor wafer. 
35 Japanese Patent Disclosure (Kokai) No. 59- 

94422 discloses a technique in which an upper 
electrode or a lower electrode on which a semicon- 
ductor wafer Is mounted is moved vertically if nec- 
essary to perform etching of the semiconductor 
40 wafer. However, if an interval between the upper 
and lower electrodes is changed during etching, an 
etching rate may be largely changed by an elec- 
trode interval change. Therefore, an interval be- 
tween the upper and lower electrodes must be set 
45 with very high precision throughout the entire sur- 
faces of both the electrodes. Furthermore, in a 
structure in which upper and lower electrodes are 
fixed but an interval between the electrodes largely 
affects an etching rate of a semiconductor wafer, 
so etching cannot be performed with high precision, 
high reproducibility, and high yield. 

Some etching apparatuses adopt an anodized 
aluminum electrode capable of stably performing 
discharge even at a high temperature. The an- 
odized aluminum electrode, however, is gradually 
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consumed as aluminum chloride during etching. 
For this reason, the electrode has a short service 
life and there-fore must be frequently replaced. As a 
result, yield of etching is poor, and an etching state 
must be checked -by observing a semiconductor 
wafer after etching. Therefore, etching cannot be 
automatically performed. 

In addition, the anodized aluminum electrode 
has an alumina insulating layer of a thickness of 1 5 
to 70 urn on its surface. The alumina layer is used 
as a dielectric protection film. The alumina insulat- 
ing layer has, however, a porous structure. For this 
wason, a large number of small gaps are present 
in a contact portion between the semiconductor 
wafer and the alumina insulating layer. As a result, 
an impedance largely varies between the semicon- 
ductor wafer and the anodized aluminum electrode. 
Therefore, the alumina insulating layer is easily 
destroyed during etching. If the alumina insulating 
layer is destroyed, a damage Is given to the semi- 
conductor wafer. 

It is. therefore, an object of the present inven- 
tion to provide an etching method capabie of easiiy 
and stably performing uniform etching of an object 
to be processed, thereby improving yield and pro- 
ductivity. 

It is another object of the present Invention to 
provide an etching apparatus capable of preventing 
a variation in urging force of a means for urging an 
object to be processed against an electrode, there- 
by performing uniform etching of the entire surface 
of the object to be processed. 

It is still another object of the present invention 
to provide an etching apparatus capable of uni- 
formly bringing the entire surface of an object to be 
processed into contact with a mounting table, 
thereby stably and efficiently performing uniform 
etching. 

It is still another object of the present invention 
to provide an etching apparatus capable of prevent- 
ing abnormal discharge or the like, thereby stabiy 
performing uniform etching. 

It is still another object of the present invention 
to provide an etching apparatus capable of pro- 
longing a service life of an electrode to automati- 
cally and stably perform etching, thereby improving 
productivity. 

It is still another object of the present invention 
to provide an etching apparatus capable of con- 
centrating a plasma gas between opposed elec- 
trodes, thereby improving an etching rate and stab- 
ly performing uniform etching. 

In order to achieve the above objects, the 
present invention provides an etching apparatus in 
which an object to be processed set on one of 
electrodes opposed to each other at a predeter- 
mined interval in a vacuum vessel is urged against 
the surface of the electrode, a voltage is applied 



between the electrodes to convert a process gas 
into a plasma, and the object to be processed is 
etched by the plasma gas. wherein a mounting 
surface of the electrode on which the object to be 

5 processed is mounted has a projecting shape hav- 
ing a curved surface identical to a curved surface 
obtained by deforming the object to be processed 
by a uniform load. 
• The present invention also provides an etching 

jo method comprising the steps of: 

setting in a vacuum vessel an electrode having a 
projecting mounting surface consisting of a curved 
surface identical to a curved -surface deformed 
when an object to be processed is subjected to a 

J5 uniform load; 

mounting the object to be processed in contact 
with the mounting surface by an urging means; 
arranging a counter electrode to be opposed to the 
electrode at a predetermined interval; 

20 supplying a process gas in the vacuum vessel; 

applying a predetermined voltage between the 
electrode and the counter electrode to convert the 
process gas into a plasma: and 
performing etching of the object to be processed 

25 by the process gas in a plasma state. 

The present invention is directed to an etching 
method and an etching apparatus for performing 
etching of an object to be processed such as a 
semiconductor substrate. 

oo The urging means preferably includes a pres- 

• sure adjusting means capable of arbitrarily varying 
an urging pressure to be a desired pressure. , 

An electrically conductive member around the 
electrode is preferably insulated. 

35 At feast the surface of at least one electrode to 

be brought into contact with a plasma chlorine- 
based gas preferably consists of an insulating layer 
having an insulation resistance of 900 M0 or more. 
An impedance of a portion of an electrode 

40 holding an object to be processed is preferaly 
uniformly set. In order to uniformly set the imped- 
ance, a synthetic polymer film may be interposed 
between the object to be processed and the elec- 
trode for holding it. 

45 A heat-resistant polyimide resin is preferable 

as the synthetic polymer film. In addition, the poly- 
mer film is preferably adhered on the electrode by 
a heat-resistant acrylic resin adhesive. 

An interval between the electrode and the 

so counter electrode is preferably 0.7 to 1.5 cm at the 
central portions of both the electrodes. 

Examples of the process gas are argon, Freon, 
carbon tetrachloride and boron trichloride. 

This invention can be more fully understood 

56 from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 
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Fig. 1 is a sectional view showing an ar- 
rangement of an etching apparatus according to an 
embodiment of the present invention; 

Fig. 2 is a cross sectional view illustrating 
the curved condition of the mounting plane of the 
etching apparatus: 

Fig. 3 is a graph for explaining the curved 
surface shown in Fig. 2 in terms of a Z coordinate 
as a function of a distance from the center of a 
mounting table: 

Fig. 4 is a graph showing a surface pressure 
distribution of a semiconductor substrate and the 
mounting surface obtained when no sheet-like syn- 
thetic polymer film is formed on the mounting 
surface shown in Fig. 2; 

Fig. 5 is a graph showing a distribution of a 
non-contact interval between the semiconductor 
substrate and the mounting surface in the case of 
Fig. 4; 

Fig. 6 is a graph showing a surface pressure 
distribution of the semiconductor substrate and the 
mounting surface obtained when a sheet-like syn- 
thetic polymer film is formed on the mounting 
surface shown in Fig. 2; 

Fig. 7 is a graph showing a distribution of a 
non-contact interval between the semiconductor 
substrate and the mounting surface in the case of 
Fig. 6; 

Fig. 8 is a view for explaining a function of 
the sheet-like synthetic polymer film used in Fig. 1; 

Fig. 9 is a graph showing an etching rate 
and etching uniformity of the etching apparatus 
shown in Fig. 1 as a function of the number of 
sheet-like synthetic polymer films; 

Fig. 10 is a graph showing the etching rate 
as a function of an electrode interval of the etching 
apparatus shown in Fig. 1 ; 

Fig. 11 is a view for explaining a function of 
an insulating layer of an upper electrode of the 
etching apparatus shown in Fig. 1 ; 

Fig. 12 is a sectional view showing a clamp 
mechanism of the etching apparatus shown in Fig. 
1: 

Fig. 13 is a sectional view showing a mecha- 
nism for vertically moving a semiconductor sub- 
strate with respect to a lower electrode; 

Fig. 14 is a sectional view showing an ar- 
rangement of an etching apparatus according to a 
second embodiment of the present invention; 

Fig. IS is a sectional view for explaining a 
modification of the second embodiment in which a 
mounting position of an air cylinder is changed; 
and 

Fig. 16 is a graph for explaining characteris- 
tics of the air cylinder in the second embodiment in 
terms of a load as a function of an air pressure. 



Embodiment 1 

An embodiment in which the present invention 
is applied to an etching apparatus used in a semi- 

5 conductor manufacturing process will be described 
below with reference to Fig. t. 

In an upper portion of cylindrical vacuum ves- 
sel 1 made of Al and having a surface processed 
with anodized aluminum, electrode lift mechanism 

to 2 consisting of an air cylinder, a ball screw and the 
like and upper electrode 4 which can be moved 
vertically through connection rod 3 are arranged. 
Electrode 4 consists of a plate made of Al and 
having a surface processed with anodized alumi- 

16 num. Electrode 4 is connected to reaction gas 
supply pipe 5 for supplying a reaction gas such as 
argon, Freon, carbon tetrachloride or boron trichlo- 
ride from a gas supply source (not shown). A large 
number of small holes (not shown) are formed in 

20 the lower surface of electrode 4 so that the reaction 
gas is flowed into vessel 1 through the small holes. 
Electrode 4 is also connected to RF power source 
6 of about 13 MHz and 500 W for generating a 
plasma. In order to cool electrode 4 by a circulat- 

25 ing coolant such as water, disk-like upper electrode 
cooling block 8 is arranged on electrode 4 and 
circulates a coolant supplied from a coolant cir- 
culator (not shown) through coolant pipe 7. 

An alumina layer as a insulating layer having 

30 an insulation resistance of 900 Mfi or more is 
formed by anodized aluminum processing on the 
surface of electrode 4 to be brought into contact 
with a chlorine-based gas in a plasma state. 

Similar to electrode 4, disk-like lower electrode 

35 cooling block 10 is located in a lower portion of 
vessel 1 and circulates a coolant such as water 
supplied from a coolant circulator (not shown) 
through coolant pipe 9. Plate-like lower electrode 

11 made of Al and having a surface subjected to 
40 anodized aluminum processing is arranged to be in 

contact with the upper surface of block 10. Elec- 
trode 11 also serves as a semiconductor substrate 
mounting table and is electrically grounded. 

Vessel 1 can be opened/closed by. an 
45 opening/closing mechanism such as a gate valve 
mechanism (not shown). Semiconductor substrate 

12 is conveyed in vessel 1 by a convey mecha- 
nism such as a hand arm (not shown) and mounted 
on lower electrode 1 1 . Vessel 1 can be kept airtight 

so by the opening/ciosing mechanism (not shown). 
Therefore, vessel 1 can be evacuated by a vacuum 
pump (not shown) to be a desired vacuum degree 
of several tens of m Torr to several tens of Torr. If 
the convey mechanism is located in an auxiliary 

55 vacuum chamber and airtightly connected to vessel 
1, a time required for the vacuum pump (not 
shown) to evacuate vessel 1 to be a desired vacu- 
um degree after substrate 12 is conveyed therein 
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can be reduced. 

Clamp ring 1 3 made of Al and having a surface 
subjected to anodized aluminum processing is lo- 
cated on an upper surface periphery of electrode 
11. Ring 13 can be moved vertically by lift mecha- 
nism 15 such as an air cylinder through connection 
rod 14 so. that a peripheral portion of substrate 12 
is urged against electrode 11. Ring 13, rod 14 and 
lift mechanism 15 are members of clamp mecha- 
nism 50 for clamping an object to be processed 
such as substrate 12 between opposed upper and 
lower electrodes 4 and 1 1 . 

As shown in Fig. 12. in clamp mechanism 50, 
clamp ring 13 made of A! and having a surface 
subjected to anodized aluminum processing so that 
an insulating alumina coating is formed on the 
surface is connected by SUS screw 53 to connec- 
tion rod 14 obtained by coating the surface of 
columnar SUS rod 51 by insulating ethylene 
tetrafluoride resin cylinder 52. Screw 53 is also 
coated by insulating members 54 to 56 made of an 
insulating ethylene tetrafluoride resin. That is, all 
the electrically conductive members, e.g., metals 
such as At and SUS are insulated. 

At the central portion in electrode 11, three 
SUS lift pins 18 are connected to pin lift mecha- 
nism 17 such as an air cylinder through connection 
portion 57 so that substrate 12 is moved vertically 
with respect to electrode 11. Pins 18. connection 
portion 57 and lift mechanism 17 are arranged as 
shown in Fig. 13. That is. SUS plate 61 having lift 
pins 18 screwed therein together with SUS spring 
60 fixed on the lower surface of electrode 11 by 
polyimide resin screw 58 through ethylene 
tetrafluoride resin insulating member 59 can reli- 
ably transmit a lifting motion of pin lift mechanism 
17 through SUS rod 62 and U-shaped ethylene 
tetrafluoride resin insulating member 63. Electri- 
cally conductive members, e.g.. metals of pins 18, 
spring 60 and rod 62 are not electrically connected 
but floated from each other. 

Pins 18 are inserted in electrode 11 through 
part of hole 19 formed therein. Hole 19 is con- 
nected to cooling gas supply pipe 20 to supply a 
cooling gas such as helium gas to the bottom 
surface of substrate 12. 

Sheet-like synthetic polymer film 21 is located 
between electrode 11 and a semiconductor sub- 
strate 12 mounting surface to uniform an imped- 
ance between substrate 12 and electrode 11 for 
holding it. Film 21 is formed of, e.g., a heat- 
resistant polyimide resin having a thickness of 
about 20 to 100 urn and adhered on the mounting 
surface of electrode 11 by a heat-resistant acrylic 
resin adhesive. 

Exhaust ring 24 made of, e.g., an insulating 
ethylene tetrafluoride resin and having a large num- 
ber of exhaust holes 23 is located between the 



circumferential surface of electrode 1 1 and vessel 

I to exhaust a reaction gas to exhaust pipe 22 
formed in a side wall of vessel 1 . 

Shield ring 25 made of, e.g., an insulating 

5 ethylene tetrafluoride resin is formed on the cir- 
cumferential surface of upper electrode 4 to gen- 
erate a plasma of a size substantially the same as 
substrate 12 held on lower electrode 11. 

Electrode 11 also serves as a mounting table 

jo for substrate 12. The projecting substrate 12 
mounting surface has the same curved surface as 
a deformed- curved surface of substrate 12 ob- 
tained when a clamp load is applied as a uniform 
load on the periphery of substrate 12 by clamp ring 

75 13 upon fixing of substrate 12. 

The etching apparatus having the above ar- 
rangement is operated and set by a control unit 
(not shown). 

A method of etching semiconductor substrate 

20 12 performed by the above etching apparatus will 
be described below. 

Vessel 1 is opened by the openingfclosing 
mechanism (not shown), and substrate 12 is con- 
veyed by the convey mechanism (not shown) onto 

25 lift pins 18 moved upward by pin lift mechanism 17 
and connection portion 16. Thereafter, pins 18 are 
moved downward to place substrate 12 on lower 
electrode 1 1 , and clamp ring 1 3 moved upward by 
ring lift mechanism 15 and connection rod 14 are 

30 moved downward, thereby urging substrate 12 
against electrode 11. 

The surface of electrode 1 1 also serving as the 
substrate 12 mounting table is a curved surface 
identical to a curved surface obtained by deforming 

35 substrate 12 by a uniform load. Therefore, if a 
clamp load of about 2 to 3 kg is applied on the 
periphery of substrate 12 by ring 13 to forcively 
displace the periphery by about 0.7 to 0.8 mm so 
that substrate 12 is urged against the mounting 

40 surface of electrode 11, a contact pressure with 
respect to the mounting surface Is uniformed 
throughout the entire surface of substrate 12. 
Therefore, a noncontact portion is not generated, 
and the entire surface of substrate 12 is brought 

45 into contact with the mounting surface. 

Assume that substrate 12 is a silicon wafer 
having a thickness of 0.625 mm and a diameter of 
5". Also, assume that a forced displacement 
amount of the periphery of the silicon wafer caused 

so by clamp ring 13 is 0.75 mm and a clamp load of 
ring 13 is 2.6 kg. The Z coordinate with respect to 
a distance from the center of the silicon wafer 
mounting surface shown in Fig. 2 is set as shown, 
in Fig. 3 so that the mounting surface of electrode 

56 1 1 is projected to be a curved surface identical to a 
curved surface obtained by deforming substrate 12 
by a uniform load when film 21 between electrode 

II and substrate 12 is removed. 
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In this case, as shown in Fig. 4, a surface 
pressure between the silicon wafer and electrode 

11 obtained by ring 13 is constantly high with 
respect to the distance from the center of the 
silicon wafer mounting surface, i.e., a contact pres- 
sure is uniformed. 

In addition, as shown in Fig. 5, a noncontact 
interval between electrode 11 and the silicon wafer 
is constantly small with respect to the distance 
from the center of the silicon wafer mounting sur- 
'face, thereby preventing a noncontact portion. 

Under the same conditions as described 
above, sheet-like synthetic polymer film 21 is 
formed between electrode 11 and the substrate 12 
mounting surface while ring 13 applies a clamp 
load of 24 kg. In this case, as shown in Fig. 6. the 
surface pressure between the silicon wafer and 
electrode 11 is constant as in Fig. 4, and the 
contact pressure is uniformed. In addition, as 
shown in Fig. 7, the noncontact interval between 
electrode 11 and the silicon wafer is constantly 
small as in Fig. 5. thereby preventing a noncontact 
portion. 

That is, the curved surface formed on the sub- 
strate 12 mounting surface of electrode 11 is iden- 
tical to the curved surface obtained by deforming 
substrate 12 by the uniform load. The curvature of 
the curved surface is smaller than that of substrate 

12 deformed by applying the clamp load on its 
periphery by ring 13. 

An ideal contact state is obtained when sub- 
strate 12 is deformed. For this reason,* the contact 
pressure with respect to the mounting surface is 
uniformed throughout the entire surface of sub- 
strate 12, thereby preventing a noncontact portion. 
Therefore, while desired conditions of processing 
or measurement to be performed for substrate 12 
are kept unchanged, substrate 12 can be brought 
into tight contact with mounting table/lower elec- 
trode 1 1 and uniformly cooled. In addition, since 
substrate 12 is urged against electrode 11 at a 
uniform pressure throughout its entire surface, a 
noncontact portion is prevented from being gen- 
erated, thereby improving uniformity of the pro- 
cessing. Also, a layer of a soft heat conductive 
material such as silicone rubber need not be 
formed on the mounting surface. Therefore, gen- 
eration of dust is prevented to realize desired vacu- 
um processing under a clean condition, thereby 
improving a processing efficiency. 

In this manner, substrate 12 can be mounted 
and cooled throughout its entire surface without 
adversely affecting the processing or the like, 
thereby improving the uniformity and stably per- 
forming processing with high efficiency. 

If substrate 12 has an orientation fiat portion, a 
difference between a distance from the center of 
substrate 12 to its periphery and a distance from 



its center to the orientation flat portion must be 
considered. That is, a correction displacement 
amount "with respect to the orientation flat portion is 
desirably determined. For example, assuming that 

5 a correction displacement amount of the periphery 
of a silicon wafer having a diameter of 5" caused 
by clamp ring 13 is 0.75 mm, a correction dis- 
placement amount of the orientation flat portion is 
preferably 0.65 to 0.75 mm. 

to It is a matter of course that similar results are 

obtained if the thickness or the like of substrate 12 
is changed. For example, assume that the thick- 
ness of the silicon wafer having a diameter of 5" is 
0.575 to 0.65 mm. In this case, according to a 

is number of experiments conducted by the present 
inventors, it is found that the same effects as 
described above can be obtained by properly set- 
ting the clamp load of ring 13 to be about 1.9 to 
3.2 kg and forming the mounting surface to be a 

20 curved surface identical to a curved surface ob- 
tained by deforming substrate 12 by a uniform 
load. 

At this time, the opening/closing mechanism 
(not shown) of vessel 1 has been closed, and 

25 vessel 1 has been evacuated to a desired vacuum 
state by the vacuum pump (not shown). 

Upper electrode 4 is moved downward by elec- 
trode lift mechanism 2 and connection rod 3 to set 
the electrode interval between upper and lower 

30 electrodes 4 and 11 to be 0.7 to 1 .5 cm. 

A reaction gas such as chlorine atom radical or 
argon is supplied from the gas supply source (not 
shown) to electrode 4 through gas supply pipe 5. 
The eraction gas flows into vessel 1 through a 

as small hole (not shown) formed in the lower surface 
of electrode 4, At the same time, an RF voltage is 
applied from RF power source 6 to electrode 4. 
thereby generating a plasma between electrode 4 
and grounded electrode 11. Substrate 12 on elec- 

4o trode 1 1 is etched by the plasma. 

As is microscopically shown in Fig. 11, elec- 
trode 4 has alumina layer 28 as an insulating layer 
having an insulation resistance of 900 Mn or more 
formed on at least the surface of base aluminum 

45 layer 27 to be brought into contact with the plasma 
chlorine-based gas. Layer 28 has a thickness of 50 
to 70 urn and an insulation resistance of 900 
M 0/500 V or more. If the Insulation resistance of 
layer 28 is lower than 900 M0 '500 V although the 

so layer is apparently identical, i.e., its size, shape and 
thickness are identical, layer 28 on the surface is 
unstably etched by the chlorine atom radical in the 
plasma chlorine-based gas to generate aluminum 
chloride. As a result, the service life of layer 28 

55 becomes unstable, e.g., the number of substrates 
12 which can be processed by one layer 28 falls 
within a wide range of 750 to 2,250. In addition, 
aged electrode 4 generates abnormal discharge to 
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cause a damage to substrate 12. Therefore, the 
electrode must, be replaced at irregular intervals 
each time the life of layer 28 is terminated. In the" 
present invention, however, the insulation resis- 
tance of layer 28 as an insulating layer is set to be 
900 MQ or more. Therefore, layer 28 is stably and 
slowly etched by the chlorine atom radical in the 
plasma chlorine-based gas to generate aluminum 
chloride. As a result, the service life of layer 28 is 
stabilized, e.g.. the number of substrates 12 which 
can be processed by one layer 28 becomes 2.250 
or more. For this reason, the stability of etching 
need not be constantly observed by an operator, 
thereby enabling an automatic operation. In addi- 
tion, since the service life of electrode. 4 is pro- 
longed and stabilized, the frequency of replace- 
ment of electrode 4 is reduced. As a result, a 
maintenance time of the apparatus is reduced to 
improve the operation efficiency and productivity of 
the apparatus. 

For example, if the insulation resistance of lay- 
er 28 of electrode 4 varies from 1 0 to 300 Mn/500 
V under the conditions that a vacuum degree is 
0.15 Torr. RF power source electric power is 500 
W, CCU + He gas flow rate is 200 cc/min, an 
upper electrode temperature Is 20 " C, a lower elec- 
trode temperature is 25 *C or less, and the thick- 
ness of layer 28 of electrode 4 is 60 am, the 
number of substrates 12 which can be processed 
.by one electrode 4 is at most 750. if the insulation 
resistance of layer 28 of electrode 4 is 900 MO/500 
V, however, 2,250 or mora of substrates 12 can be 
processed by one electrode 4. That is, if the insula- 
tion resistance of layer 28 as an insulating layer 
varies below 900 Mn. the service life of layer 28 is 
unstably shortened regardless of its outer appear- 
ance such as a film thickness. In contrast, if the 
insulation resistance of layer 28 is set to be 900 
MQ or more, the service life of electrode 4 is stably 
prolonged. This is confirmed by a number of ex- 
periments conductod by the present inventors. 

At this time, substrate 12 is urged against 
electrode 11 by clamp ring 13. As is microscopi- 
cally shown in Fig. 8. however, gap 64 is formed 
between electrode 11 and substrate 12 due to the 
surface roughness or the like. An impedance ob- 
tained between substrate 1 2 and electrode 1 1 by 
gap 64 is small but i3 poorly uniformed and largely 
varies. The anodized aluminum layer formed on the 
surface of electrode 11 Is porous. Therefore, the 
uniformity of the impedance between substrate 12 
and electrode 1 1 is further degraded. For this rea- 
son, in order to uniform the impedance between 
substrate 12 and electrode 11 for holding the sub- 
strate, synthetic polymer film 21 is formed between 
substrate 12 and electrode 11 as shown in Fig. 8. 
For example, a heat-resistant polyimide resin hav- 
ing a thickness of about 20 to 100 um is adhered 



on a portion having a thickness of about 25 um of 
electrode 1 1 by a heat-resistant acrylic resin adhe- 
sive. An impedance of film 21 between gap 64 and 
electrode 11 is much higher than that of gap 64. 

5 For this reason, a variation in impedance between 
substrate 12 and electrode 11 can be ceduced, and • 
the impedance itself can be uniformed. In addition, 
film 21 is not porous unlike anodized aluminum. 
Therefore, film 21 can contact well with substrate 

io 12, and a variation in gap 64 can be reduced. As a 
result, the uniformity of gap 64 can be improved. 
For these reasons, the impedance between sub- 
strate 12 and elecirode. 11 can be uniformed. As a 
result, the uniformity of etching performed on sub- 

75 strate 12 can be improved. Fig. 9 shows an etching 
rate and etching uniformity as functions of the 
number of films 21 obtained when a 25-flm thick 
heat-resistant polyimide resin as film 21 is adhered 
on a 15-Om thick anodized aluminum insulating film 

20 of electrode 1 1 under the conditions that a vacuum 
degree is 2.4 Torr, an output from RF power 
source 6 is 500 W, a Freon gas flow rate is 80 
cc/min, an argon gas flow rate is 500 cc/min, a 
temperature of electrode 4 is 20* C, and a tem- 

25 perature of electrode 11 is 8* C or less. As is 
apparent from Fig. 9, the etching rate sufficiently 
falls within a practical range, and the etching uni- 
formity is significantly improved. Film 21 has a 
dense surface and is a stable material. Therefore, 

30 film 21 can prevent abnormal discharge caused by 
a variation in impedance of gap 64. As a result, 
etching can be stably performed without causing a 
damage to substrate 12 by abnormal discharge. 
The electrode interval is an interval between 

35 upper electrode 4 and the top of the projecting 
portion of lower electrode 11. Fig. 10 apparently 
shows that etching is performed when the elec- 
trode interval is 0.6 to 1.6 cm, dependency of the 
etching rate on an electrode interval change is low 

40 when the electrode interval is 0.7 to 1.5 cm, and 
the dependency of etching rate on the electrode 
interval change is abruptly increased and the etch- 
ing rate is abruptly decreased close to 0 when the 
electrode interval is close to 0.6 or 1.6 cm. The 

45 present inventors have found that this relationship 
between the electrode interval and the etching rate 
substantially remains the same even if the etching 
conditions are changed. That is, when the elec- 
trode interval is close to 0.6 cm, a reaction gas on 

50 the etched surface of substrate 12 cannot be ex- 
hausted because the electrode interval is too nar- 
row, and the etching rate is abruptly decreased. 
When the electrode interval is close to 1 .6 cm, the 
reaction gas in a plasma state is significantly dif- 

55 fused because the electrode interval is too wide, 
and the etching rate is abruptly decreased. As is 
apparent from Fig. 10, when the electrode interval 
is set to be 0.7 to 1 .5 cm so that the dependency 
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of the etching rate change on the electrode interval 
change is lowered, a desired etching rate can be 
easily realized on the entire surface of substrate 12 
without precisely adjusting the electrode interval 
throughout the entire surfaces of electrodes 4 and 
11. As a result, since the etching uniformity is 
improved, the electrode interval need not be ad- 
justed with high precision. In addition, reproduc- 
ibility of etching can be improved to improve the 
yield and productivity. 

The etching rate can be improved by cooling 
upper and lower electrodes 4 and 11 to a predeter- 
mined temperature by a coolant supplied from the 
coolant circulator (not shown) through cooling pipes 
7 and 9 and upper and Tower electrode cooling 
blocks 8 and to. respectively. Alternatively, a cool- 
ing gas is supplied from the cooling gas supply 
source (not shown) to a gap between semiconduc- 
tor substrate 12 and synthetic polymer film 21 
through cooling gas supply pipe 20 and hole 1 9 at 
a predetermined pressure and a predetermined 
flow rate of, e.g., several cc/min, thereby cooling 
the bottom surface of substrate 12. As a result, 
temperature uniformity of substrate 12 can be im- 
proved to improve the etching uniformity. 

By insulating shield ring 25 formed on the 
circumferential surface of electrode 4 and insulat- 
ing clamp ring 13 formed on the periphery of 
electrode 11, a plasma can be generated to have 
substantially the same size as that of the surface to 
be processed of substrate 12. For this reason, 
plasma diffusion can be prevented to stably, per- 
form etching. 

After the processing, a reaction gas is ex- 
hausted from exhaust pipe 22 through exhaust 
hoies 23 of exhaust ring 24. 

In this case, ions or electric charges in the 
plasma gas move to be attracted to the peripheral 
electrically conductive members made of metals or 
the like so that the plasma gas is easily diffused. 
As shown in Fig. 12, however, the electrically con- 
ductive members around electrodes 4 and 11, e.g., 
rod 51 and screw 53 as the electrically conductive 
members of clamp mechanism 16 for holding sub- 
strate 12 between electrodes 4 and 11 are in- 
sulated by ethylene tetrafluoride resin cylinder 52 
and insulating members 54 to 56 or an alumina 
coating. As a result, electrode 11 serves as a 
ground closest to electrode 4 to which an RF 
voltage is applied, thereby preventing diffusion of 
the plasma gas from between opposed electrodes 
4 and 1 1 . As a result, since the plasma gas can be 
concentrated, the etching rate and uniformity can 
be improved and etching can be stably performed. 

If the electrically conductive member of clamp 
mechanism 50 located near substrate 12 to be 
brought into contact therewith is insulated, electric 
charges are accumulated in the electrically conduc- 



tive member to prevent discharge to substrate 12. 
As a result, discharge destruction of substrate 12 
can be prevented. 

As shown in Fig. 13. lift pins 18, Spring 60, 

5 plate 61 and rod 62 as the electrically conductive 
members of the mechanism for moving substrate 
12 vertically with respect to electrode 11 are con- 
nected through insulating polyimide screw 58 and 
ethylene tetrafluoride resin insulating members 59 

10 and 63. Therefore, an electrical capacitance of the 
electrically conductive members can be reduced to 
prevent an inflow of the plasma gas. In addition, 
discharge destruction of substrate 12 due to elec- 
tric charge accumulation of the electrically conduc- 

J5 tive members can be prevented. 

In addition, exhaust ring 24 for exhausting the 
reaction gas after the processing is made of an 
insulating ethylene tetrafluoride resin. Therefore, 
upon exhaustion, an inflow of ions or eleclric 

20 charges in the plasma gas is prevented so that the 
plasma is not diffused but concentrated between 
electrodes 4 and 11. 

Thereafter, vessel 1 is opened by the 
opening/closing mechanism (not shown), clamp 

25 ring 13 and lift pins 18 are moved upward, and 
substrate 12 on pins 18 is conveyed by the convey 
mechanism (not shown), thereby completing the 
operation. 

In the above embodiment, the description has 
30 been made with regard to the semiconductor sub- 
- strate mounting table/lower electrode of the etching 
apparatus. The present invention, however, can be 
applied to any mounting table for mounting a semi- 
conductor substrate. For example, a semiconductor 
35 substrate may be held upside down. In addition, 
the present invention may be applied to a mounting 
table of a sputtering apparatus, an ion implantation 
apparatus, a CVD apparatus, or another vacuum 
apparatus. 

40 In the above embodiment, the semiconductor 

substrate is a silicon wafer. The semiconductor 
substrate, however, may be a gallium arsenide 
wafer. That is, the present invention can be applied 
to a variety of semiconductor substrates. 

45 In addition, in the above embodiment, the de- 

scription has been made with regard to the mount- 
ing surface for a silicon wafer having a diameter of 
5". The mounting surface is, however, not limited 
to that of the above embodiment but need only be 

so projected to have a curved surface identical to a 
curved surface obtained by deforming a semicon- 
ductor substrate by a uniform load.- 

Also, in the above embodiment, the contact 
State between the semiconductor substrate and the 

55 mounting surface has been described with regard 
to two cases wherein thB sheet-like synthetic poly- 
mer film is formed and not formed. The synthetic 
polymdr film, however, may or may not be formed. 
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In the above embodiment, the electrode inter- 
val between the upper and lower electrodes is set 
to be 0,7 to 1 .5 cm by vertically moving the upper 
electrode by the electrode lift, mechanism. The 
electrode interval, however, may be fixed, between 
0.7 and 1.5 cm, the lower electrode may be 
moved, or both the upper and lower electrodes 
may be moved, as long as the electrode interval is 
set to be 0.7 to 1 .5 cm. 

In the above embodiment, an object to be 
processed is a semiconductor substrate. The ob- 
ject to be processed, however, may be an LCD 
(Liquid Crystal Display) substrate, a glass substrate 
or the like as long as it is etched. 

In the above embodiment, the description has 
been made with regard to the surface of the upper 
electrode to be brought into contact with the plas- 
ma chlorine-based gas. The surface is, however, 
not limited to that in the above embodiment but 
may be that of the lower electrode or those of both 
the upper and lower electrodes, or may include an 
electrode surface not in contact with the plasma 
chlorine-based gas, as long as it is the surface of 
at least one electrode to be brought into contact 
with the plasma chlorine-based gas. 

in the above embodiment, the alumina layer of 
the Al electrode subjected to anodized aluminum 
processing is used. An electrode material or an 
insulating layer material, however, is not limited to 
those in the above embodiment as long as the 
thickness of an insulating layer of the electrode 
surface to be brought into contact with the plasma 
chlorine-based gas is 900 Mil or more. 

.In the above embodiment, the electrically con- 
ductive members to be insulated are those of the 
ciamp mechanism for clamping the object to be 
processed between the electrodes. The electrically 
conductive members, however, are not limited to 
those in the above embodiment as long as they are 
electrically conductive members around the elec- 
trodes. 

in the above embodiment, an ethylene 
tetrafluoride resin or an alumina coating is used as 
an insulating means. The insulating means, how- 
ever, is not limited to that in the above embodiment 
but may be a polyimide resin as long as it can 
insulate the electrically conductive members ar- 
ound the electrodes. 



Embodiment 2 

Embodiment 2 in which the present invention is 
applied to etching of a semiconductor substrate will 
be described below with reference to Figs. 14 and 
15. 

In an upper portion of reaction vessel 1 which 
is made of an electrically conductive material such 



as aluminum and having a surface subjected to 
anodized aluminum processing, and the interior of 
which is kept airtight, electrode body 70 is located 
to be moved vertically by lift mechanism 2 such as 

5 an air cylinder or a bail screw and connection rod 
3. Electrode body 70 is made of an electrically 
conductive material such as aluminum and has a 
surface subjected to anodized aluminum process- 
ing. Electrode body 70 includes a cooling means. 

to More specifically, flow path 71 is formed to cir- 
culate a coolant in electrode body 70 and is con- 
nected to the cooling means (not shown) located 
outside vessel 1 through pipes 72 connected there- 
to, thereby circulating a liquid such as water at a 

ts predetermined temperature. 

Upper electrode 73 made of, e.g., amorphous 
carbon is electrically connected to the lower sur- 
face of electrode body 70. Small gap 74 is formed 
between upper electrode 73 and electrode body 70 

20 and connected to gas supply pipe 75 for supplying 
a reaction gas such as argon or Freon from a gas 
supply source (not shown) iocated outside vessel 1 
to gap 74. In order to flow the reaction gas sup- 
; plied to gap 74 into vessel 1 through electrode 73, 

85 a plurality of holes 76 are formed in electrode 73. 
Insulating ring 77 is formed on the circumferential 
surfaces of electrode 73 and electrode body 70. 
Shield ring 78 extends from the lower surface of 
insulating' ring 77 to the periphery of the lower 

30 surface of electrode 73. Ring 78 is formed of an 
insulating material such as an ethylene tetrafluoride 
resin so as to generate a plasma of a diameter 
substantially the same as that of an object to be 
etched, e.g., semiconductor substrate 12. Substrate 

35 1 2 can be set on the surface of lower electrode 1 1 
opposed to upper electrode 73. Electrode 11 is a 
plate made of, e.g.. aluminum and having a surface 
subjected to anodi2ed aluminum processing. The 
upper surface of electrode 11 is slightly inclined 

40 from its center to the periphery, i.e., the electrode 
is projected. An urging means such as clamp ring 
13 for urging substrate 12 is arranged at the pe- 
riphery of electrode 11 having the above shape. 
The size of ring 13 corresponds to the diameter of 

45 substrate 12 to cause the periphery of substrate 12 
"to abut against the surface of electrode 1 1 . Ring 1 3 
is made of, e.g.. aluminum and having a surface 
subjected to anodized aluminum processing to 
form an insulating alumina coating thereon or made 

so of crystal ceramic. Ring 13 is connected to a 
plurality of, e.g.. four shafts 79 connected to ring 
80 located outside vessel 1 by machine screws br 
the like. A lift mechanism such as an air cylinder 
vertically moves ring 80. thereby vertically moving 

55 ring 13. In this case, shafts 79 slide outside vessel 
1. Therefore, packing or the like is used to prevent 
a gas leakage from vessel 1 . A pressure applied by 
ring 13 to urge substrate 12 against electrode 11 
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can bs set to be a predetermined pressure by 
pressure adjusting means 82 such as an air regula- 
tor, located midway along air supply pipe 83, for 
adjusting a driving pressure of cylinder 81 . Adjust- 
ing means 82 may be manually adjusted or auto- 
matically adjusted, e.g., adjusted by 
opening. closing of a control valve in accordance 
with a signal supplied from a pressure sensor for 
monitoring an urging pressure of the cylinder. This 
adjustment can be performed by presetting an op- 
timal pressure in accordance with a processing 
temperature of preprocessing such as diffusion or 
oxidation performed before plasma etching. A lifter 
pin fnot shown) which can be vertically moved is 
located near the center of electrode 11 to move 
vertically substrate 12 upon conveyance of sub- 
strate 12. A plurality of holes (not shown) are 
formed in electrode 11 to flow a cooling gas such 
as helium gas for cooling substrate 12 thereth- 
rough. A cooling mechanism such as flow path 84 
is formed in contact with the lower surface of 
electrode 11. A liquid cooiing unit (not shown) 
communicating with pipe 85 connected to flow path 
84 circulates a coolant such as cooling water. This 
cooling means and electrode 73 are not limited to a 
liquid cooling mechanism. For example, natural air 
cooling by a radiating fin, forced air cooling for 
cooling and circulating a gas, or electrical cooling 
by an Peltier effect element can be similarly per- 
formed. Exhaust ring 87 having exhaust holes 86 is 
fitted between a side portion of electrode 11 and 
the inner surface of vessel 1. A gas in vessel 1 can 
be exhausted by an exhaust unit (not shown) 
through exhaust pipe 88 connected to the side wall 
of vessel 1 below ring 87. Lower and upper elec- 
trodes 11 and 73 having the above arrangement 
are electrically connected to RF power source 89 
and generate plasma discharge for etching. In this 
manner, etching apparatus SO is arranged. 

An operation of etching apparatus 90 will be 
described below. An object to be processed such 
as substrate 12 is conveyed from a convey portion 
(not shown) of vessel 1 to a portion near the center 
of electrode 11 while the lifter pin (not shown) 
which can be moved vertically through electrode 
11 is moved upward. The lifter pin is then moved 
downward to cause substrate 12 to abut against the 
surface of electrode 11. Clamp ring 13 is moved 
downward to urge the periphery of substrate 12 
toward electrode 11. This urging motion is per- 
formed by driving air cylinder 81, and an urging 
pressure is obtained by controlling an air pressure 
supplied from air supply pipe 83 to be a desired 
pressure by pressure adjusting means 82. If the 
pressure is reduced below a predetermined value, 
the periphery of substrate 12 is not brought into 
contact with electrode 11 but floated therefrom to 
cause an etching failure. To the contrary, if the 



pressure is increased over the predetermined val- 
ue, the center of substrate 12 is separated from 
electrode 11 to also cause an etching failure. 
Therefore, the above desired pressure is controlled 

s to fall within a pressure range capable of prevent- 
ing the above etching failure. More specifically, in 
order to prevent the etching failures, the pressure, 
the inner diameter, and the number of cylinders 81 
are arbitrarily selected so that a load for urging the 

io periphery of substrate 12 is set to be 2 to 17 kgf 
for substrate 12 having a diameter of 5". The 
pressure of cylinder 81 is limited to an operation 
pressure range of installation air equipment pro- 
vided to the location of etching apparatus 90. and 

J5 cylinder 81 must therefore have an arrangement 
which can be used within this operation pressure 
range. That is, the arrangement is a single cylinder 
mechanism in which cylinder 81 is located upside 
down at the center of ring 80 as shown in Fig. 4 or 

20 a double cylinder mechanism in which a plurality 
of. e.g., two cylinders 816 are located at the peri- 
phey of ring 80 as shown in Fig. 15, and the inner 
diameter of cylinder 81 or 816 is selected in accor- 
dance with the mechanism. At this time, in order to 

25 suppress a downward irregular motion of cylinder 
81 or 816, a coii spring (not shown)- may be located 
between vessel 1 and ring 80. Characteristics of 
such a cylinder mechanism are shown in Fig. 16. In 
Fig. 16, reference symbol A represents the char- 

30 acteristic of an arrangement employing one cyl- 
inder having an inner diameter of 32 mm and no 
coil spring; B, that of an arrangement employing 
one cylinder having an inner diameter of 32 mm 
and a coil spring; C, that of an arrangement em- 

35 ploying two cylinders having an inner diameter of 
20 mm and a coil spring; D, that of an arrangement 
employing one cylinder having an inner diameter of 
20 mm and no coil spring; and E. that of an 
arrangement employing one cylinder having an in- 

40 ner diameter of 20 mm and a coil spring. For 
example, the load range for urging the periphery of 
substrate 12 capable of preventing the etching fail- 
ure of substrate 12 having a diameter of 5" is 
about 2 to 17 kgf, and the operation pressure range 

45 of an installation air equipment at the location of 
etching apparatus .90 is. e.g.. 4 to 6 kg/cm 2 . There- 
fore, as is apparent from Fig. 10, the cylinder 
arrangement of D or E is suitable in this case. In 
this manner, suitable cylinder 81 is used to urge 

so substrate 12, and an air pressure to be supplied to 
cylinder 81 is adjusted to be a desired pressure by 
pressure adjusting means 82 such as an air regula- 
tor located midway along air supply pipe 83. This 
pressure may be manually adjusted or automatt- 

55 cally adjusted, e.g., adjusted by opening/closing a 
control valve in accordance with a signal supplied 
from a pressure sensor for monitoring an urging 
pressure of the cylinder. 
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Substrate 12 is urged at a predetermined pres- 
sure by driving ring SO, shafts 79 and clamp ring 
13 by selected cylinder 81. Since ring 13 is driven 
by a plurality of shafts 79, ring 13 sometimes does 
not abut against the periphery of substrate 12 at a 
predetermined pressure due to a mechanical error 
or the like. Therefore, this error is adjusted by 
changing the length of shaft 79. The length may be 
adjusted by inserting a shim such as a thin SUS 
plate having a thickness of 10 to 100 urn between 
shaft 79 and ring 80 or adjusted by a micrometer, 
i.e.. rotating a nut-like member corresponding to a 
threaded portion formed in the outer surface of 
shaft 79. Uniformity of etching can be further im- 
proved by this height adjustment. In this manner, 
substrate 12 is mounted on the surface of elec- 
trode 11. the interior of vessel 1 is kept airtight, 
and then vessel 1 is evacuated to set a desired 
vacuum state. This vacuum operation may be ex- 
ecuted beforehand by a well-known auxiliary cham- 
ber when substrate 12 is conveyed. 

Electrode 70 is moved downward by lift 
mechanism 2 through connection rod 3 to set a 
desired interval, e.g., several mm between upper 
and lower electrodes 73 and 11. A reaction gas 
such as argon gas is supplied from the gas supply 
source (not shown) to gap 74 through gas supply 
pipe 75. The reaction gas supplied to gap 74 flows 
onto the surface of substrate 12 from a plurality of 
holes 76 formed in electrode 75. At the same time. 
RF power source 89 applies RF power between 
electrodes 73 and 11 to convert the reaction gas 
into a plasma, and substrate 12 is etched by the 
plasma gas. Upon application of the RF power, the 
temperatures of electrodes 73 and 11 are in- 
creased to cause thermal expansion. In this case, 
since a thermal expansion coefficient of upper 
electrode 73 made of amorphous carbon differs 
from that of electrode body 70 made of aluminum 
and abutting against electrode 73, cracks may be 
produced. In order to prevent cracks, the cooling 
means (not shown) supplies cooling water to flow 
path 71 formed in electrode body 70 through pipe 
72, thereby indirectly cooling electrode 73. If the 
temperature of lower electrode 11 is increased, the 
temperature of substrate 12 changes to adversely 
affect etching. Therefore, electrode 1 1 is also cool- 
ed by cooling water supplied from the cooling unit 
(not shown) to flow path 84 formed in the lower 
portion of electrode 11 through pipe 85. At this 
time, in order to process substrates 12 under con- 
stant conditions, the temperature of cooling water 
is controlled to be 20 to 70* C. 

An exhaust gas after etching and that In the 
interior of vessel 1 upon conveyance of substrate 
12 are exhausted by the exhaust unit (not shown) 
located outside vessel 1 through exhaust holes 86 
formed In exhaust ring 87 and exhaust pipe 88. 



In the above embodiment, clamp ring 13 con- 
nected to a plurality of shafts 79 urges substrate 
12. The present* invention, however, is not limited 
to the above embodiment. For example, a plurality 
s of pawls may be disposed along the circumference ' 
of substrate 12 to urge substrate 12, thereby ob- 
taining the same effects. 

?o Claims 

1. An etching apparatus in which an object (12) 
to be processed set on one of electrodes (4, 11) 
opposed to each other at a predetermined interval 

J5 in a vacuum vessel (1) is urged against the surface 
of *said electrode (4, 11), a 'voltage is applied be- 
tween said electrodes (4, 11) to convert a process 
gas into a plasma, and said object (12) to be 
processed is etched by the plasma gas, 

20 wherein a mounting surface of said electrode (11) 
on which said object (12) to be processed is moun- 
ted has a projecting shape having a curved surface 
identical to a curved surface obtained by deforming 
said object (12) to be processed by a uniform load. 

25 ' 2. An apparatus according to claim 1, char- 
acterized jn that urging means includes pressure- 
adjusting means for arbitrarily varying an urging 
force to be a desired pressure. 

3. An apparatus according to claim 1, char- 
30 acterized in that electrically conductive members 

around said electrode (4, 11) are insulated with 
coatings. 

4. An apparatus according to claim 3. char- 
acterized in that said electrode (11) is a lower 

ss electrode. 

5. An apparatus according to claim 1. char- 
acterized in that an insulating layer having an in- 
sulation resistance of not less than 900 MQ is 
formed on at least the surface of at least one of 

40 said electrodes (4, 11) to be brought into contact 
with the plasma gas. 

6. An apparatus according to claim 1, char- 
acterized in that an impedance of a portion of said 
electrode (11) for holding an object (12) to be 

46 processed is uniformly set. 

7. An apparatus according to claim 6, char- 
acterized in that means for uniforming the imped- 
ance is a synthetic polymer film (21) formed be- 
tween said object (12) to be processed and said 

so electrode (11) for holding said object (12) to be 
processed. 

8. An apparatus according to claim 7, char- 
acterized in that said synthetic polymer film (21) is 
a heat-resistant polyimide resin. 

55 
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9. An. apparatus according to claim 7, char- 
acterized in that said synthetic polymer film (21) is 
adhered on said electrode (11) for holding said 
object to be processed by a heat-resistant acrylic 
resin adhesive. 5 

10. An apparatus according to claim 1. char- 
acterized in that an interval between the centers of 
said opposed electrodes (4, 11) is 0.7 to 1.5 cm. 

11. An apparatus according to claim 1, char- 
acterized in that said object (1 2) to be processed is to 
a semiconductor substrate. 

12. An etching method comprising the steps of: 
setting in a vacuum vessel (1) an electrode having 
a projecting mounting surface consisting of a 
curved surface identical to a curved surface de- 75 
formed when an object (12) to be processed is 
subjected to a uniform load; 

mounting the object (12) to be processed in con- 
tact with the mounting surface by urging means: 
arranging a counter electrode (4, 11) to be op- 20 
posed to said electrode (11. 4) at a predetermined 
interval: 

supplying a process gas in said vacuum vessel (1); 
applying a predetermined voltage between said 
electrode (4, 11) and said counter electrode (11,4) 25 
to convert the process gas into a plasma; and 
performing etching of said object (12) to be pro- 
cessed by the process gas in a plasma state. 

1 3. A method according to claim 1 2. character- 
ized in that an impedance of a portion of said so 
electrode (J1) for holding an object "(12) to be 
processed is uniformly set. 

14. A method according to claim 12. character- 
ized in that an interval between the centers of said 
electrode f4. 11) and said counter electrode (i 1 . 4) 35 
is 0.7 to 1.5 cm. 

15. A method according to claim 12, character- 
ized in that the process gas is selected from the 
group consisting of argon, Freon, carbon tetrachlo- 
ride and boron trichloride. <o 

16. A method according to claim 12, character- 
ized in that said object (12) to be processed is a 
semiconductor substrate. 
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